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Ihtroduction 

Oomestic air pollution must have 
been a human health problem since the 
time that cave-dwelling hominids first 
built fireS; Only rccenily, however, 
have such effects been documented. 
Smoke from fires in huts has been im¬ 
plicated as a cause of chronic respira¬ 
tory disease both in India and in New 
Guinea (1, 2). !n more modern homes, 
tobacco smoke produced! by others, 
clearly an annoyance to many non- 
smokers, and fumes fromi cooking 
fuels are now coming under suspicion 
as causes of respiratory symptoms and 
reduced ventilatory funciiom 

Both these sources of domestic air 
pollution have been shown, to produce 
potentially damaging pollutants. Res¬ 
pirable particulates have been found to 
be higher in homes of smokers (3), and 
higher conceniraiions of nitrogen diox¬ 
ide were recorded in homes where gas 
was used as a cooking fuel than in 
homes using electricity for cooking (4, 
5). But the extent to w hich smoking by 
others or cooking with gas are detri¬ 
mental to human health is a question 
that is still unsettled, largely because of 
the difficulties in measuring individual! 
exposures aitti because of inconsistent 
findings. 

Most of the subjects for studies of 
such exposures have been children. 
Studies using frequency of illnesses as 
ani outcome measure agree that chi!- 
dren from homes withi smokers are 
more likely to have respiratory ill nesses 
than those not exposed to tobacco 
smoke at home (6-14). Some doubt is 
cast on the specificity of this relation¬ 
ship, however, by findings that nonres^ 
piratory illnesses were also more com¬ 
mon among the children of smokers, 
although this excess could have oc¬ 
curred by chance (6. 8)!. Respiratory 
symptoms among children were re¬ 
ported by 4 studies, 3 finding an 
association with smoking by family 
adults (9, lSvl6), whereas one stated 


that no association was found! but did 
not show the data on which this state¬ 
ment was based (17). Of 4 studies of 
ventilatory function (13, 16-18), 2 
found an association with parental 
smoking (16, IS). 

The effect of smoke produced by 
others, so-called involuntary smoking, 
on adults is even less clear. In Tucson, 
and in 3 small towns in the eastern 
United States, respiratory symptoms 
were not associated with exposure to 
tobacco smoke in the home (9,17). The 
letter study found ventilatory function! 
to be unrelated to involuntary smok¬ 
ing. In contrast, a third study of adults 
found evidence of airways obstruction 
among persons exposed to involuntary 
smoking at home (19). 

There are also disagreements regard¬ 
ing the respiratory effects associated 
with gas cooking. In England and Scot¬ 
land, and in 6 cities in the United 
States, children living in homes using 
gas for cooking were more likely to 
have had respiratory illnesses than 
those from homes using electricity 
(11-13). This association was not 
found in Columbus, Ohio, and in Long 
Island, New York (20, 21). Ventilatory 
function was found to be diminished 
among persons living in homes with 
gas cooking in 1 study (13) but not in 2 
others (12, 20). 

Whether or not domestic air pollu¬ 
tion is hazardous to health is an issue 


for preventive medicine and public 
health that needs to be resolved by ad^ 
ditional and continued studies. The 
potential hazards of gas cooking and 
of involuntary smoking can both be 
controlled, the former by adequate 
stove ventilation (5J and the latter by 
providing additional incentives for 
smokers to quit and nonsmokers not to 
start. As energy-saving inccnii\es in¬ 
crease, the potential importance of 
domestic air pollutams will also in¬ 
crease as home improvements decrease 
the dilution of household air by infil¬ 
tration. 

Methods 

The subjecisior this siudi were 1.950 adult 
residents of Washington County in western 
Maryland who were examined in 1977 in 2 
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srparaic but related studies. One of these 
ma*^ a comparison ofi 3 standardized qges^ 
tionnaires: a rrspiraiory questionnaire ne^- 
l> developed by the American Thoracic 
Society for the Division of Lung Diseases, 
National Heart, Lung and Blood Institute 
(22L the original version of the question¬ 
naire used by the National Heart, Lung and 
Blood Institute (23); the 1976 version of the 
British I Mtdical Research Council question¬ 
naire (24): The 3 questionnaires s^ere found! 
to produce similar frequencies ofi histories 
of chronic cough and chronic phkgm The 
nevv American Thoracic Society- Division 
of Lung Diseases questionnaire elicited 
more complaints ofi wheeze, whereas the 
older questionnaire used! by the National 
Heart. Lung and Blood' Institute elicited 
more mild breathlessness than the other 2 
(25). 

The I ,(X>4 subjects for this questionnaire 
study were selected from the respondents to 
a health census of Washington County 
done in the summer of 1975 (25). Enumera¬ 
tion of residents is estimated to have been 
89^# complete . Select Ions of study subjects 
were made from the census lists in a way 
that produced samples of subjects for each 
of the 3 questionnaires that were similar in 
size and composition with respect to age, 
sex» race, rural residence, education, and 
cigarette smoking. Approximately three 
quaners of each sample were cigarette 
smokers. Although the selection process 
was too complex to allow defihite states 
ments as to representativeness, there was 
reason ID believe that the subjects in each of 
the smalt subcategories of the samples did 
not differ from all enumerated residents in 
the same subcategories by more than 
chance variation. 

The second group of 946 subjeas were 
panidpams in a longitudinal study of white 
men who panidpated in a private census of 
Washington Couniy in 1963 and w ho were 
35 ID 65 >7 of age It that time (26, 27). Par- 
tidpation in that census was estimated to 
have been better than 98^« complete. Sub* 
jeas for the longitudinal study were 
selected to provide a representative sample 
of men who did and did not smoke dga* 
reties and who were residents of the county 
areas in and adjacent to the city of Hagers* 
towT). All of the subjects in the longitudinal 
study were administered the new question* 
naire developed by the American Thoracic 
Society. 

The questionnaire studywas done in the 
spring and summer of 1977w Approximately 
40*^f of the subjects compieied question* 
na«res that had been mailed to them; the 
others were interviewed by telephone. Ih 
the longitudinal study, all subjeas were tn^ 
terviewed in person during the summer or 
autumn of 1977, Ihierviewers for both 
studies were carefully trained in the use of 
the questionnaires. 

Ventilatory* funaion testing was done in 
over half of the subjeas in the question¬ 
naire study and in virtually all of those in 


the longitudinal study. Five satisfactory 
blows by the standing subject into a cali¬ 
brated SieadiWells spirometer were re¬ 
corded (28). Both I forc^ expiraiorv volume 
in one second (FEV,) and forced vital 
capacity (F\’Q were calculated, as was the 
ratio of observed to predicted FEV,. Cor¬ 
rections were made for temperature. For 
our analyses, only the best of the 5 values 
were usedi Predicted values were calcu- 
Uied, using the data of Goldman and Beck- 
lake (29). to adjust for age. sex. and height. 

Household exposures were assessed from 
information recorded in the health census 
ofi 1975. Information was available on 
smoking histories of adult household mem* 
bers. the use of gas as a cooking fuel, air 
conditioning, the number of adults and 
children in the household, and the number 
of rooms. Several calculated indexes were 
used: persons per room, children under 15 
yT of! age per household, cver-smokers per 
room and per household; and current 
cigarette smokers per household. Years of 
school I completed and number of batht 
roomsin the household were used as indicat 
tors of socioeconomic status. 

Six groups were sel^ted for final 
analysis. Their derivation fromi the 1.950 
subjects in the 2 originallsiudies is shown in 
a flow diagram (figure I). Most of the 
exclusions occurred among longitudinali 
study participants. 15*‘# of w hom were not 
identified in the 1975 census. Some house¬ 
holds comained 2 index persons. Because ofi 
their small number, the simplest method of 
handling this potential problem w as to ex¬ 
clude them from the analysis. Another 
small group ofi persons was dropped be¬ 
cause of incomplete information on their 
respiratory questionnaires,, vinuall> all in¬ 
volving mailed questionnaires. The final 6 
study groups consisted of 426 men and 113 


w omen w ho had nev er smoked I cigarettes* 
199 men and 33 women w ho had! formerlv 
smoked cigarettes* and' 644 men and' 309 
w omen w ho currentl\ smoked I dgareines. 

To adjust findings for the effects of 
potentiallv confounding factors, binary 
variable multiple regression was used, a^ 
described b> Felditein (30) and adapted for 
epidemiologic use by Shah and Abbey (31). 
This regression method does not assume 
that relationships are linear and minimizes 
the effect of extreme values, h does assume 
that the contributions of the independent 
variables are additive. 

Rtsults 

Characicrisiics of the subjects in the 6 
study groups are shown in table 1. Dif¬ 
ferences in distribution of characteris¬ 
tics between men and women resulted 
largely from the fact that the males 
represented 2 study populations with 
different criteria for selection, since the 
longitudinal study involved only men, 
while the questionnaire study popula¬ 
tion was composed of nearly equal 
numbers of each sex* Differences be^ 
tween persons who never smoked, 
former cigarciic smokers, and current 
cigarette smokers also refnected dif- 
fcrences between the kinds of persons 
who selected themselves into these 3 
smoking categories. The distribution i 
of curreni smokers by amount smokedl 
was caused in part by over-sampling 
heavy smokers fori the questionnaire 
study. Because of the resulting dif¬ 
ferences between the study groups, 
their experiences were analyzed 
separately as proportions of persons 
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\ table 1 


percentage 0»STiRJBUTi»ON OF SUBJECTS IN STUDY GROUPS BY SEX. CIGARETTE SMOKING HISTORY. 
AND other SELECTED CHARACTERISTICS 


Characterfftics 



Man 



Women 


Never. 

Smoked 

Eismokers 

Current 

Smokers 

Never 

Smoked 

Exsmokers 

Current 

Smokers 

Number of subjects 


426 

199 

644 

113 

33 ■ 

309 

Age in 1975 

20-S4 

62 

50 

155 

354 

333 

356 


3S-44 

9j2 

75 

151 

239 

121 

29 1 


45-54 

345 

362 

42 2 

31.0 

27 3 

256 


55-64 

31 9 

322 

224 

97 

27 3 

97 


65 ♦ 

162 

17 1 

46 

0 

0 

0 

Education 

< 12 

303 

533 

46 6 

466 

27 3 

51.8: 


12 

31 7 

256 

3311 

319 

455 

27 8 


>12 

360 

21 1 

20.3 

19 5 

27 3 

204 

Number ol bathrooms • 

1 or less 

542 

69 3 

71 0 

73 5 

57:6 

69 9 


>1 

45 6 

307 

29 0 

265 

42 4 

30 1 

Person vroom i 

<05 

461 

44 7 

373 

274 

364 

27 8 


>05 

519 

553 

627 

726 

63 6 

72 2 

Children < 15 

0 

66 5 

749 

57.5 

45 1 

455 

39 5 


1 ♦ 

315 

251 

425 

549 

545 

605 

Air conditioning 

Yes 

671 

653 

59 2 

549 

576 

59'9 


No 

329 

34 7 

40 8 

45 1 

42 4 

40 1 

Current number ot 

0 

1000 

100 0 

0 

1000 

1000 

0 

cigarettes^day 

< 20/day 

0 

0 

20.7 

0 

0 

356 


20 -^ rday 

0 

0 

79 3 

0 

0 

64 4 

Other Cigarette smokers 

No 

777 

623 

461 

661 

394 

379 

in household 

Yes 

223 

37 7 

539 

319 

60 6 

62 1 

Cooking fuel 

Electricity 

748 

638 

650 

626 

69 7 

6V2 


Gas 

16 0 

29 V 

269 

29 2 

27 3 

33 6 


Other 

92 

70 

61 

60 

V 30 

52 


with respirator)’ findings, adjusted for 
the effects of independent variables 
shown in table 1. 

Effect of other smokers in house¬ 
hold, The frequency of major respira¬ 
tory symptoms among subjects showed 
little evidence of an association! with 
the presence of some one else in the 
household who smoked cigarettes 
(labl^ 2). This held true regardless of 
sex or smoking history of the subjects. 
None of the relkiive risks nor the pro¬ 
portion of relative risks greater than 
l.O exceeded what could easily have 
resulted from chance. The presence of 
poor ventilatory function, defined as 
FE V, being less than i of the pre¬ 

dicted value or less than 70^* of the 
FV€, is shown in table 3. Although 
there is a d^nnite tendency for persons 
with another smoker in the household 
to'have impaired ventilatory Junction, 
none of the observed differences was 
great enough to achieve significance. 

Eff ect of cooking fuel. The associa- 
tions of respiratory symptoms with the 
type of fuel usc^ for cooking are 
shown in table 4, again as adjusted 
proponions. Relative risks are shown 
for the comparisons of gas with elec¬ 
tricity. Men w hose households had I gas 


as a cooking fuel were at greater risk of 
having each of the respiratory symp¬ 
toms than men whose households used 
electricity as a cooking fuel, although 
these risks achieved significance (p < 
0,05) only for chronic coughv wheeie, 
and breathlessness of Grade 3 or more 
among men who never smoked. Among 
women, there was no evidence that ex¬ 
posure to gas cooking was associated 
with a greater risk of having respira- 
lory symptoms than exposure to other 
cooking fuels. If a crude correction for 
multiple comparisons is made by multi¬ 
plying p values by 24 (the total number 
of comparisons, counting coughi andl 
phlegm as one comparison because of 
their high correlation), only the excess 
risk of breathlessness of Grade 3 or 
more among men who never smoked i 
cigarettes retains significance at a p 
value of 0.05 or less. 

The adjusted proportions of persons 
with impaired ventilatory function as 
related to cooking fuel is shown in 
table 5i Among men w ho never smoked 
cigarettes, gas cooking was definitely 
associated with impaired ventilatory 
funaion, even when corrected for mul¬ 
tiple comparisons. There were too few 
women who had never smoked ciga^ 


reties and whose ventilatory function 
was tested to put any reliance in the 
similar association observed among 
them for gas cooking and diminished 
FEV,. There was only slight evidence 
of an association of impaired ventilato¬ 
ry function associated w ith gas cooking 
among men who formerly smoked cig- 
areiies, and none among men or wom¬ 
en who currently smoked cigarettes. 


Oiscussion 

The importance of indoor sources of 
air poiliition/ such as tobacco smoke 
andl fumes fromi unvented gas flames, 
is almost certain to increase as homes 
are made more and more air-tight in an 
effort to hold down heating and cool¬ 
ing costs. .Although the evidence of 
harm from passive smoking or gas 
cooking is not yet conclusive, it is suffi¬ 
ciently suggestive among ^ildren to 
warrant serious consideration. Pan of 
the difficulty in establishing an associa¬ 
tion between hodfShOld exposures and 
respiratory symptoms among adults is 
that they have a variety of exposures 
outside of the home, such as air poU 
lutants in the community or at work. 
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*/ ADJUSTED percentages* OE PERSONS WITH SPECIFIED RESPIRATORY SYMPTOMS BY 
SEX AND NUMBER OF CiGARETTiE SMOKERS IN THE HOUSEHOLD EXCLUSIVE OF 

SUBJECTS, AND BY CIGARETTE SMOKING HISTORY_ 


Number ot Ciotrene Smokers In 
Household Exciutivf oi Subiects 



M»n 



Women 


0 

14 

RRt 

0 

14 

RRt 


Ntvtr Smokers 

Number 

331 

•5 

— 

77 

36 


^ with respiretory symptoms 

Cbromc cough 

SJt 

6i0 

096 

60 

1.0 

017 

Chronic phlegm 

• 4 

76 

090 

618 

42 

072 

Chronic cough end phlegm 

37 

4je 

1.30 

46 

1.3 

028 

Whetce 

221 

23J0 

1:04 

201 

291 

145 

aresihiessness. grsoe 3 

39 

4^ 

106 

8 5 

152 

179 

Chest Illness in pest 3 yr 

12.0 

mo 

0.02 

24 2 

23:3 

0196 

Exsmoksrs 

Number 

124 

75 

— 

13 

20 

— 

W with respirstory symptoms 

Chronic cough 

12.e 

16 4 

1.3 

153 

1010 

0 7 

Chronic phlegm 

13-7 

21.3 

1.6 

8A 

02 

111 

Chrome cough end phlegm 

7.6 

14 1 

1-9 

88 

03 

111 

Wheeze 

360 

49 1 

1.3 

7.4 

252 

34 

aresihiessness. grsdt 3 

12-2 

156 

1.3 

3.3 

17:9 

5 4 

Chest IMhtss in pssi 3 yr 

205 

246 

1.2 

44.8 

309 

07 

Current Smokers 

Number 

297 

347 

— 

117 

192 

— 

% with respirstory symptoms: 

Chronic cough 

304 

35.2 

089 

27.9 

330 

1.16 

Chronic phlegm 

349 

31^ 

009 

282 

302 

1.07 

Chronic cough end phlegm < 

24.2 

24.5 

1.01 

182 

227 

125 

Wheeze 

54.0 

464 

0.90 

50.2 

486 

097 

aresthiessnesk. grsde 3 

194 

151 

078 

16 1 

24 5 

122 

Chest MIhess in psst 3 yr 

161 

14.8 

082 

27.3 

308 

1.13 


* AOtutied tor ettectt ot enertcierittic* m te04t i loieept for preoence ot oin»r omoAers m howponoid 
t RoMttve rMA oMociotM «nh hovtrte • oeoretttivmoKer eiMr trien me oubyoci m tne NMHonoio 


TABLE 3 


ADJUSTED PERCENTAGES* OF PERSONS WITH SPECIFIED DEGREES OF VENTILATORY 
FUNCTIONS BY SEX AND NUMBER OF CIGARETTE SMOKERS IN THE HOUSEHOLD 

EXCLUSIVE OF SUBJECTS. AND BY OGARETTE SMOKING HISTORY_ 




Number ot Cigarette SmoKers In Household 
Exclusive of Subiects 




Men 



Women 



0 

14 

RRt 

0 

14 

RRt 

Never SmoKers 

Number 

201 

78 


34 

15 

^, 

W with impaired vemiistory 
function: 

FEV, <80% predicted 

510: 

7.1 

1i42 

89 

0 

0 

FEVJFVC <70% 

7Ji 

92 

lilO 

0 

0 

— 

EismoSers 

Number 

114 

55 

. 

7 

10 

^, 

% with impaired imntitatory 
lenction:i 

FEV, <80% predicted 

B2 

161 

Ill 

0 

0 


FEYJFVG<T0% 

181 

202 

111 

0 

0 

— 

Current SmoKers 

Number 

215 

257 


49 

83 


% with impaired ventilatory 
Ivnctiori: 

FEV, <80% predicted 

22J 

261 

1 14 

15.8 

172 

1.11 

FEVJFVC<70% 

272 

301 

1 11 

7.7 

8.9 

129 


* AOjtotiOd to* Hfoeu ot eh*r»clor«lie» M toOit 1 oioioi ter pTMonc* ot oinor tmoKtre H howMmotd 
t fioiottvenek otoocieMd with iMvirtQ |« emokor other then the tutotKl in the houeehotd. 


or associations with smokers in many 
plkces away from home. 

FunhermorCvit seems likely that an 
effect of household ex|x»sures will ^ 
demonstrable only among persons who 
have never smoked i The exposures 
from one's own smoking; panicularly 
from inhaling the smoke, are many 
times more intense thani would be 
tolerated in the ambient air. In the 
present study, as in many others, cur^ 
rent smokers had much higher rates of 
respiratory symptoms than persons 
who bad ney^l^kfed; Former ciga¬ 
rette smokeri^d rates intermediate 
between perst^ai^ had never smoked 
and current sme^St perhaps because 
the presence of these symptoms had in¬ 
duced them I to stop smoking. In any 
case, these Findings among former 
smokers emphasized the need to base 
studies of household exposures on per¬ 
sons who have never smoked rather 
than on persons who are not current 
smokers, a group that is a mixture of 
those who have never smoked and 
those who have quit. 

The present study also suggested that 
effects of household exposures may be 
more readily demonstrable among men 
thani among women. At nrsi glance, 
this seems paradoxical; since women in 
this community are much l^ss likely to 
work outside of the home than men, 
and hence arc presumably more likely 
to be exposed to pollutants at home. 
But dbmestic air pollution is nothing 
new, dating back at least to the times 
of the cave-dwelling Cro-Mkgnon peo¬ 
ple. Judging from present day ex¬ 
periences in lndia and New Guineai(1, 
2), smoke exposure in the home prob¬ 
ably did not diminish greatly until 
stoves andifumaces came into common 
use only a few hundred years ago. 
Seltoive factors for resistance to 
smoke have thus had ample time to 
operate, and it seems possible that this 
selection might have resulted in women 
being less susceptible to domestic 
smoke and fumes than men. Whatever 
the reasoHi recent reports in¬ 
dicated that deterioration iifr ven¬ 
tilatory function among cigarette 
smokers is less marked among women 
than among men (32,33). It is also per¬ 
tinent to note that one of the studies 
that failed to find an eff ect of gas 
cooking on adults was limited to 
women (20). 

Because of the contradictory find¬ 
ings thus far repoiird, it is clearly 
desirable to look further at the prob- 


I 

I 

i 

}! 


Source: https://www.industrydocunnents.ucsf.edu/docs/msnxOOOO 


"2023380381 



CF^Errs or mouscmold exk^wrcs 


147 


TABLE 4 

ADJUSTiEO percentages* OF PERSONS WfTM SPECIPlEO RESPIRATORY SYMPTOMS BY 
SEX AND TYPE OF COOKING FUEL AT NOME. AND BY CIGARETTE SMOKING HISTORY 


Men. WorT>en 


Gas Elec Otr>er RRT Gas Eiec Other RRli 


Never Smolders 
Numoer 

S with respiratory symptoms 
Chronic cough 

Chronic phlegm 

Chronic cough arul phlegm 

Wheeze 

Breamteisr>ess grade 3 
Chest illness in past 3 yr 

Eismohers 

Number 

^ with respiratory symptoms 
Chrome cough 
Chronic phlegm 
Chronic cough arH) phlegm 
Wheeze 

Breathieisness. grade 3 
Chest Illness in past 3 yr 

Current Smokers 
Number 

S with respiraiory Symptoms: 
Chronic cough 
Chronic phlegm 
Chronic cough end phlegm 
Wheeze 

Breathlessness grade 3 
Chest illness in past 3 yr 


68 

319 

39 

— 

161 

66 

72 

2 44* 

10 3 

62 

50 

126 

67 

31 

28 

291 

33 9 

200 

208 

1.70* 

112 

26 

26 

431* 

163 

11.0 

97 

1 48 

58i 

127 

14 

- 

209 

11 7 

7.5 

1i79 

24 6 

137 

66 

liBI 

149 

610 

66 

llBT 

5219 

40 1 

168 

1 32 

1616 

112 

143 

1.66 

22 7 

22 6 

163 

1.01 

196 

410 

39 

- 

425 

346 

396 

123 

367 

326 

206 

1.13 

29 1 

232 

161 

126 

519 

506 

506 

1.03 

164 

173 

61 

106 

17 11 

16 II 

14 6 

1.06 


33 

71 

9 

— 

S3 

37 

0 

2.24 

48 

66 

0 

074 

52 

37 

0 

1.41 

294 

216 

94 

1.35 

02 
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9 

23 

1 

-■ 
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49 

66 

4106 
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49 

66 
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56 
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11 11 

0 
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59.6 

254 

764 

2.35 

104 

189 

16 

- 

289 

322 

32 3 

0.69 

32.3 

270 

39 6 

120 

24 1 

163 

331 

1.32 

526 

464 

607 

113 

279 

17.7 

228 

1.56 

262 

304 

391 

086 
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lem of household exposures^ The 
speciriciiy of the associattons of 
respiratory findings with these ex¬ 
posures should be investigated to help 
rule out the possibility that exposed 
populations have other factors that 


cause them to have more illness in 
general or lead them to seek medical 
care more readily than the unexposed. 
Findings should also be reported 
separately for each sex, and for at least 
3 groups of smokers—never, former. 


and current. Adjusting for these fac- 
tors may obscure a real association in 
one of the subgroups. Exposures out¬ 
side the home should also be taken into 
account whenever possible. 

An additional incentive for estab¬ 
lishing whether or not household ex¬ 
posures to tobacco smoke andi gas 
cooking are important is that both are 
remediable. Venting gas stoves can 
markedly reduce concentrations of ox¬ 
ides of nitrogen in the home (5). The 
possibility that smoking may harmi 
others* especially children* should in¬ 
crease motivation for smokersJp quit 
and I nonsmokers not to start. ^rhaps 
the Victorian custom of smokers retir¬ 
ing to a specified room to indulge their 
habit should be reinstitiuted, particular¬ 
ly if that space can also be vented to the 
outside. 
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